ABSTRACT
Introduction
Collagen is an important protein in the organisms, and the use of collagen in industry for health foods, cosmetics, and biomaterials is expanding. At present, because of the outbreak of bovine spongiform encephalopathy (BSE) and the foot-and-mouth disease (FMD), the main sources of collagen in many fields are limited to those of bovine or porcine dermis, so more and more studies turn to find safe sources of collagen. There have been many reports of collagen in aquatic animals.
Fish scales are biocomposites of highly ordered type I collagen fibers and hydroxyapatite Ca 10 (OH) 2 (PO 4 ) 6 [1] [2] [3] . Collagens extracted from fish scales of black drum, sheep's head sea bream, Red seabream, Red Tilapia, sardine, Japanese sea-bass, skipjack tuna, ayu, yellow sea bream and horse mackerel have been reported [4] [5] [6] . These collagens are mainly type I collagen with a lower denaturation temperatures than the collagen of porcine dermis. These fish are mostly seawater fish and there have been fewer reports about the freshwater fish scales. Carp fish (Cyprinus carpio) is one of the primary fish species in freshwater breeding industry in China. During the processes of fish, a great amount of fish scales are dumped, which is a great waste because the scales of carp fish contain a large amount of collagen. Therefore in this paper, we extracted and partially characterized the collagens of carp fish scale for potential utilization.
Materials and Methods

Materials
Fresh carp fish scales were collected from market during the month of October. The scales were washed thoroughly with distilled water, and stored at -25˚C until used. All reagents used were of analytical grade.
Demineralization Process
Initially, the fish scales were washed twice in 10 wt% of NaCl solutions to remove unnecessary proteins on the surface by stirring the solution for 24 h. Demineralization was achieved with 0.4 mol/l HCl solution (dry scales: solution = 1:15) for 90 min. The demineralized scales were washed three times with distilled water for collagen extraction.
Morphological Analysis
Morphological analysis was undertaken using a QUAN-TA-200 SEM (FEI Company, USA) at an accelerating voltage of 10 kV. The perpendicular cut surfaces of the fresh scales and the demineralized scales were coated with platinum for morphological observations.
Extraction of Acid-and Pepsin-Solubilized
Collagens (ASC and PSC)
All the preparative procedures were performed at 4˚C. Carp fish scales were extracted with 0.5 M acetic acid for 2 days, and the extracts were centrifuged at 10,000× g for 30 min. The residues were re-extracted with the same solution for 1 day, and these extracts were centrifuged under the same conditions. The supernatants were combined and salted out by adding NaCl to a final concentration of 0.7 M. The precipitated collagens were separated by centrifugation at 10,000× g for 30 min and redissolved in 0.5 M acetic acid to precipitate with NaCl again. The resultant precipitates were dialyzed against distilled water and lyophilized. The residues from the acetic acid extraction were suspended in 0.5 M acetic acid and digested with 0.5% (w/v) pepsin (Sigma p7000) for 72 h. The extraction steps of PSC were the same as the extraction of ASC.
Amino Acid Analysis
Collagen samples were hydrolyzed under reduced pressure in 6 M HCI at 110˚C for 22 h, and the hydrolysates were analyzed by an amino acid analyzer HP1100 (Agilent, USA).
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)
SDS-PAGE was performed according to the methods of Laemmli [7] using 5% stacking gel and 7.5% resolving gel. The samples were dissolved in 0.6 M Tris-HCl buffer (pH 6.8) which contained 25% (v/v) glycerine, 2% (w/v) SDS, 5% (v/v) β-mercaptoethanol, and 0.1% (w/v) Bromophenol blue. After electrophoresis, gels were visualized with Coomassie Brilliant Blue R-250.
Determination of Denaturation Temperature
The denaturation temperature was measured according the method of Nagai et al. [8] . Ten mL of the 0.03% collagen solution in 0.1 M acetic acid were used for the viscosity measurement, and measurement was done using an Ostwald viscometer. The thermal determination curve was obtained by measuring solution viscosity at several temperatures from 10˚C to 50˚C; the temperature was raised stepwise and maintained for 30 mins at each point. The denaturation temperature (Td) was determined as the temperature at which the change in viscosity was half completed.
X-Ray Diffraction Analysis
X-ray diffraction pattern of the PSC was obtained using CuKa radiation from a rotating anode generator operated at 35 kV and 20 mA in the range of 2θ = 5˚ -50˚ with Mono-single filter (D8 ADVANCE, Bruker axs, German).
The scanning step was 0.02 degree while the scanning speed was 2 degree/min.
UV-Vis Spectra
The UV-Vis absorption spectrum of PSC collagen was recorded using a Shimadzu spectrophotometer UV-240 in the range of 200 -400 nm.
Results and Discussion
Morphological Analysis of Carp Fish Scale
The scales of teleost fish were composed of calciumdeficient hydroxyapatite Ca 10 (OH) 2 (PO 4 ) 6 and extracellular matrix, mainly type I collagen fibers, which together formed a highly ordered three-dimensional structure. Each scale consisted of two distinct regions: an external (osseous) layer and an internal fibrillary plate [1] . Needlelike or flaky crystals of apatite in random orientation were observed in the outer layer [9] . As calcifycation proceeded, the crystals of apatite penetrated into the internal fibrillary plate overlap zone and compressed the tri-helix collagen molecules (Figure 1(a) ). So in order to get the collagen, the fish scales first should be demineralized. Figure 1(b) showed the structure of the demineralized carp scale. Because of demineralization, the plywood-like structures were exposed thus making it easier to dissolve collagen by acid solution. The growth rings from which the fish growth age can be determined were showed on the surface of the carp fish scale, Figure 1 (c).
Subunit Composition
Subunit compositions of these extracted collagens were examined by SDS-PAGE (Figure 2) . Both the PSC and ASC were shown to contain at least two different α chains. Together with the results of precipitation properties by NaCl under acidic pH and SDS-PAGE, collagen of carp fish scale might be classified as type I collagen, therefore, the two α chains were α 1 and α 2 with the molecular weight approximating 117.3 KDa and 107.4 KDa. The relative staining intensity of the α 1 to α 2 was stronger, consequently the amount of α 1 was more than α 2 ; A fish-specific chain, α 3 of type I collagen, was found in teleostean fish skin [10] , and the α 3 gene appeared to have arisen from a duplication of the α 1 gene near the time of the adaptive radiation of bony fish [11] , but there are no report about the α 3 chain found in fish scale collagen. In that study, it was not separated from the correspondingα1 chain under these electrophoretic conditions. On the other hand, the SDS-PAGE showed a single α1 band with relative higher staining intensity, so the constitution of the trimmer of carp fish scale type I collagen was deduced to be (α 1 ) 2 α 2 . Moreover, a small amount of the β chain which was dimerized by α component was obtained in these collagens, and the content of β chain was less in PSC than in ASC because of the hydrolysis by pepsin.
Amino Acid Composition
The amino compositions per 1000 total residues of carp fish scale acid-soluble (ASC) and pepsin-soluble collagen (PSC) were showed in Table 1 . The collagens were high in proline (Pro), glycine (Gly), and hydroxyproline (Hyp), which were due to the characteristic (GlyPro-Hyp)n, triple helical repeat of all collagens. High levels of alanine (Ala), as observed in collagens from animal species, were also measured in the fish scale collagens. Except Cys-s, the other amino acid compositions of carp fish scale acid-soluble and pepsinsoluble collagens were similar to that of carp fish ordinary muscle type I collagen [12] and porcine dermis type I collagen [5] . The freshwater fish scales contained relative high Cys-s, while there was almost no Cys-s detected in other seawater fish collagens [4, [13] [14] [15] [16] . The degrees of hydroxylation of proline for carp fish scale collagen were 47.2% (PSC) and 44.7% (ASC), which were likely to affect the stability of the collagen fibers and denaturation temperatures [5, 14] . The results of the electrophoretic migration and amino acid composition suggested that the chemical compositions of type I collagen were highly conserved among the scales.
Denaturation Temperature
The denaturation temperature (Td) of carp fish scale collagen sample was calculated from the thermal denaturetion curves, Figure 3 , and the Td of the collagen was taken to be the temperature at which the fractional viscosity was 0.5. Td of the ASC of carp fish scale was about 32.9˚C, but the Td of PSC of carp fish scale was only about 29.0˚C, which was mainly because of the enzyme hydrolysis action. The Td of the ASC of carp fish scale was lower than the porcine skin collagen but higher than the Td of many cold-water fish collagens measured under the same conditions [6, 17, 18] . Earlier studies [19] showed that the stability of collagen is correlated to environmental and body temperatures, but present studies have reported that Hydroxyproline is important in maintaining the stability of trimmers in collagen [5, 14] . 
UV-Vis Spectra
Phenylalanine and tyrosine have absorption bands between 250 and 290 nm, but the PSC collagen of carp fish scale had a distinct absorption near 233 nm (Figure 4) , closer to the absorption of channel catfish skin collagen [20] , which was in accordance with the characteristic absorption of collagen.
X-Ray Diffraction Analysis
X-ray diffraction was used to investigate the collagen fibril distribution and orientation in mineralized tissues [21] . Figure 5 showed the X-ray spectrum of the lyophilized pepsin-solubilized carp fish scale collagen crystal. There were two diffraction peaks at the diffraction angles (2θ) about 7.44˚ and 19.78˚. The first one was sharp but the second one was wide, which were in accordance with the characteristic diffraction peaks of collagen. The diffraction peaks showed that this protein had ordered structure or ordered structure snippet [22] . From the Bragg equation d（Å） = λ/2sinθ (λ = 1.54 Å), the minimum values (d) of the repeat spacings were calculated. The d of the sharp peak was11.87 Å and that of the wide peak was 4.48 Å, which were related to the diameter of the tri-helix collagen molecule and the single left-hand helix chain. The collagen extracted had a tri-helix structure. 
Conclusions
In this study, the carp fish scale collagens were extracted by 0.5 M acetic acid or pepsin. This collagen had abundant amino composition, but lower denaturation temperature compared to the porcine dermis collagen. The SDS-PAGE and X-ray diffraction analysis indicated that the collagen had tri-helix structure. It was found that a great amount of freshwater fish scales were dumped as waste, but the result showed that it is possible to use the fresh fish scales as an important collagen or gelatin source.
